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ABSTRACT The McMurdo Dry Valleys, a hyper-arid cold polar desert located within the Transant-arctic Mountains was once covered by vegetation. An in depth study of surface samples of various Neogene age, acquired throughout the Valleys, provide insight to the location of one of Antarctica’s last vegetation refugia. Boston University’s Antarctic Research Group has col-lected 82 surface samples from paleo lake sediments on 14 expeditions spanning 22 years in the McMurdo Dry Valleys. The ages of the samples are still not fully constrained, but 8 regions where samples were collected have been interpreted to range between 16.95 ± 0.17 to 4 Ma old (Marchant, pers. comm.). Results show the palynomorph assemblage diversity is low with a ter-restrial assemblage dominated by southern beech Nothofagus spp. (fusca group), and the non-terrestrial assemblage is dominated by ice-indicative acritarch Leiosphaeridia spp. with some samples containing spores of the fresh water algae Zygnemataceae. Based on palynological concentrations recovered, the Victoria Valley and Beacon Valley may have been the site for veg-etation refugia. Samples collected from Victoria Valley have concentrations ranging from 252.1 to 5191.1 gdw-1 and nonterrestrial derived palynomorph concentrations ranging from 735.6 to 2386.1 gdw-1. The Central Beacon Valley has a terrestrial-derived palynomorph concentration of 131.8 to 675.3 gdw-1. These concentration ranges are higher than other sample locations ana-lyzed for this study such as the Olympus Range, Taylor Valley, and valleys located in the Asgard Range, with samples concentrations that are barren to 17.4 gdw-1 for the Olympus Range, barren to 1.4 gdw-1 for Taylor Valley, and barren to 39.6 gdw-1 sites in the Asgard Range. Based on the present study, the Victoria Valley and Beacon Valley regions acted as refugia for isolated pock-ets of vegetation to survive around the Mid-Miocene and >8.07±0.06 Ma based on their paly-nomorph assemblages and concentrations. These sites potentially were ideal locations where 
geological processes such as erosion and transportation did not influence the geologic record, thus preserving these sites. The results in this study provide detailed information to be utilized for future expeditions into the region to precisely time vegetation’s demise within the McMurdo Dry Valleys.
1CHAPTER 1: INTRODUCTION The Transantarctic Mountains are a physiological and geological boundary between the East and West Antarctic continental blocks. They extend 4,500 km from the Ross Sea to the Weddell Sea (Anderson, 1996). Glacier ice extends over much of the Transantarctic Mountains, however there are areas predominately free of ice. This study focuses on palynology of surface sediment samples from the McMurdo Dry Valleys, a region within Victoria Land that lies 100 km to the west of McMurdo Station and McMurdo Sound, between the East Antarctic Ice sheet and the Ross Sea within the Transantarctic Mountains. The McMurdo Dry Valleys (Figure 1) cover an area approximately 22,700 km2 of which 4,500 km2 is ice-free. This makes it the largest ice-free area in Antarctica (Levy, 2013). Sections of the Dry valleys remain ice-free because the 
Transantarctic Mountains block ice flow into the region from the nearby Polar Plateau (Doran 
et al., 1994). Today, the region is classified as a hyper-arid and cold-polar desert with tempera-tures ranging from -1°C to -40°C and precipitation ranging from 5 to 400 mm weq (Doran et al. 2002; Fountain et al. 2009).  Very Little is currently known about the on land late Miocene and Early Pliocene vegetation history within the region. This study aims to answer three re-search questions that characterize part of the Cenozoic history of the region: where can the last remnants of vegetation be found in the dry valleys, what types of vegetation existed during the 
final stages, and when did the vegetation exist and shift to its current state of rare angiosperms, 
lichens, mosses, liverworts, or lack of vegetation. To answer these questions, the first in depth surface sample palynological analysis of the McMurdo Dry Valleys was conducted.
Figure 1: Landsat Image Mosaic Of Antarctica (LIMA) satellite image of the McMurdo Dry Valleys showing an overview of the study region, surrounding area, and the location of Figure 2 within Taylor Valley (Geomap App, 2017).
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21.1 Geologic History The McMurdo Dry Valleys basement rock is composed of pre-Cambrian to Paleozoic age granites and gneisses, which were produced and metamorphosed during the Cambrian-Ordovi-cian Ross Orogeny. Outcrops of the basement rock can be observed below 800 m elevation near the Ross Sea coast and in the central portions of the McMurdo Dry Valleys (Marchant and Head, 2007). An unconformity called the Kukri Peneplain eroded into the basement rock (Barrett, 
1981). The bedrock consists of flat lying Devonian to Triassic age sandstones, siltstones, and conglomerates that make up the Beacon Supergroup (Marchant and Head, 2007). Thick depos-its of a Jurassic age intrusive sills called the Ferrar Dolerite is present throughout the Beacon Supergroup ranging from 200 to 300 m in thickness as can been seen in Figure 2 (Elliot and Fleming, 2004). Jurassic aged Kirkpatrick Basalt overlay and cap the Beacon Supergroup (Bar-rett, 1981). It appears that many of the Cretaceous Cenozoic units deposited after the deposi-tion of the Beacon Supergroup have been largely eroded. A 160 Ma time gap occurs in most of 
the geologic record of the McMurdo Dry Valleys. The area remained active, with for instance the eruptions of alkaline basalts during the early Miocene. Volcanic activity still occurs today on the nearby Ross Island, and volcanic ash deposits have been found throughout the region (Armstrong, 1978; Marchant et al, 1996). The geologic record outcropping within the McMurdo Dry Valleys has very few Cenozoic units preserved (Thomson et al., 1991), but we know that extensive deposition occurred as thick Cenozoic sedimentary units have been recovered from the nearby basins. Figure 3 shows the location of some of these recent drilling project, e.g., CRP, DVDP, MSSTS, CIROS, and ANDRILL drilling projects off the McMurdo Dry Valley coast, and two 
Beacon Supergroup
Ferrar Dolerite
Figure 2: Aerial photograph overlooking Taylor Glacier within Taylor Valley. Two geologic features of the region, the Beacon Supergroup and the Ferrar Dolerite, are visible and out-lined. The Beacon supergroup is composed of the lighter colored unit, and the Ferrar Doler-ite sill is composed of the darker intruded layer (NASA, 2013).
3DVDP drill sites located in Taylor Valley. CIROS-1, CRP, and ANDRILL SMS have drilled portions of the geologic record from the Oligocene to the Pleistocene (Harwood et al., 1998; Roberts et al., 2003; Acton et al., 2008). Thomson et al. (1991) have attributed the missing geologic record to glacial erosion by Pliocene and Pleistocene ice sheets in that Ross sector of Antarctica.
The genesis of the Transantarctic Mountains is problematic and various studies and models have been done to try and explain its formation and timing (Anderson, 1999). One study by Fitzgerald et al. (1986) proposes a passive rift model to account for quick large uplift of the Transantarctic Mountains. Their study suggests that the Ross Orogeny is the source for 
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Figure 3: Modified Overview ASMA No. 2 McMurdo Dry Valleys map showing sample site locations and nearby drill program locations (ERA, 2017).
4a shallow crustal penetrative detachment zone, which explains subsidence in the Ross Sea and uplift in the Transantarctic Mountains. Stern and Ten Brink’s (1989) model represents East and West Antarctica’s lithosphere as a cantilevered elastic beam that can move freely with respect to the lithosphere boundary. The study suggests that the Terror Rift was the source for depres-
sion to the East of the Transantarctic Mountains and subsequent flexure. However, later studies argue that the Terror Rift is not extensive enough to support Stern and Ten Brink’s 1989 model (Cooper and Davey, 1987; Ten Brick et al., 1993). Ten Brink et al. (1993) interpreted that the formation of the Transantarctic Mountain originated from thermal buoyancy. 
Apatite fission-track studies have been done to understand the timing of the uplift within the Transantarctic Mountains. Fission Track studies are a radiometric dating technique where spontaneous decay of uranium-238 creates damage marks or tracks minerals and glass that can be analyzed to interpret the age of the clast. The uplift has been interpreted to initiate in the Early to Middle Eocene around 55-50 million years ago (Gleadow and Fitzgerald, 1987; Fitzgerald and Gleadow, 1988; Fitzgerald, 1992). The range of uplift has been interpreted to be 4.8 to 6 km with a rate of uplift averaging 100 m/Ma (Gleadow and Fitzgerald, 1987; Fitzgerald and Gleadow, 1990; Fitzgerald, 1992). Behrendt and Cooper (1991) argue that the Transant-arctic Mountains have been rising at 1 km/Ma periodically with the most recent uplift event occurring in the mid-Pliocene. Fitzgerald (1994) interprets that the Transantarctic Mountains 
are composed of discrete blocks that can have different rates of uplift, and that the apatite fis-
sion-track data cannot confirm or deny high uplift rates in the Pliocene.
1.2 Paleoenvironment HistoryBefore the Eocene/Oligocene Transition (33.9 Ma), Antarctica had a relatively rich di-versity of vegetation (Askin, 1992, 1997, 2000; Truswell and MacPhail, 2009, Warny and Askin, 2011a; Anderson et al., 2011; Feakins et al., 2014; Griener et al., 2013; Griener et al., 2015; Griener and Warny, 2015). At that time, the Ross Sea region likely experienced mean annual temperature greater than 10°C and precipitation rates greater than 1000 mm/yr, suggesting that the winter conditions were hospitable enough to support temperate rainforests (Francis et al., 2008, Warny and Askin, 2011a; Pross et al., 2012; Feakins et al., 2014). At the Eo-Oligocene boundary, the abrupt increase in δ18O values and a decrease in pCO2 concentrations known from offshore records (DeConto and Pollard, 2003; Zachos et al., 2008; Pagani et al., 2011) are known 
to coincide with the first major growth of the Antarctic Ice Sheet (Zachos et al., 2001). Palyno-logical studies conducted in Antarctica targeting strata that are younger than 35 Ma show the gradual disappearance of vegetation (Askin and Raine, 2000; Raine and Askin, 2001; Prebble et al., 2006; Warny and Askin, 2011b; Anderson et al., 2011). This abrupt decline of terrestri-al palynomorph concentration around the Eocene-Oligocene (E-O) boundary also attests to the drastically cooling conditions (Warny and Askin 2011a,b; Feakins et al., 2014). Griener et al. (2013) analysis of δ13C of Nothofagus pollen grains indicates that the climate not only was getting colder, but moisture availability decreased dramatically at that time as well. There are a few exceptions to the general post E-O boundary cooling trend, in particular around 15.7 Ma when vegetation was able to recolonize the Ross Sea region during the Mid-Miocene Climatic Optimum (Warny et al., 2009; Levy et al., 2016). Warny et al. (2009) have estimated land tem-peratures to rise up to 10°C and sea-surface temperatures ranged from 0 to 11.5 °C based on palynomorph assemblage they recovered. Feakins et al. (2012) conducted a hydrogen isotopic analysis of leaf wax extracted from the same samples as those studied by Warny et al. (2009), 
and their results indicated that available moisture increased briefly but sharply around 15.8 Ma and that moisture availability was one of the factors that allowed for vegetation re-colonization during the Mid Miocene Climatic Optimum in the Ross Sea region.The post E-O boundary vegetation up to the middle Miocene is characterized by tundra with prostrate woody plants located within secluded shelters (Raine, 1998; Askin and Raine, 2000; Warny et al., 2009). The post MMCO demise of the vegetation in Antarctica occurred at different times depending on location. Lewis et al. (2008) provided strong evidences that the 
5McMurdo Dry Valleys was able to support vegetation up to at least 13.85 Ma while the Antarctic Peninsula was able to support vegetation until 12.8 Ma (Warny and Askin, 2011b; Anderson et al., 2011), but these dates are based on only two sites. Very little is known on the Late Miocene and Pliocene vegetation and when exactly the vegetative cover evolved to its current state of 
essentially only lichens, mosses and liverworts. This study presents the first in-depth palyno-logical surface sample analyses of the Dry Valleys. The objective is to locate, characterize, and 
time the history of the final vegetation cover that existed in the Dry Valleys.
6CHAPTER 2: MATERIAL AND METHODSEighty-two paleo lake sediment samples were collected for our palynological analysis. Boston University’s Antarctic Research Group acquired the samples over the course of 22 years and 14 expeditions (Figure 4). The samples for this study were gathered from 18 different loca-tions, which include various Olympus Range locations, Mount Flemming, various Asgard Range locations, Beacon Valley region, Arena Valley, Catspaw Glacier, Stocking Glacier, Miers Divide, Rhone Platform, Bulls Pass, and Victoria Valley. The on-land stratigraphic record for the McMur-do Dry Valleys is not well known. Personal Communication with Dr. David Marchant of Boston University has provided precise interpreted dates for regions of the McMurdo Dry Valleys (shown in Table 1). These ages range from 16.95 ± 0.17 Ma at the Dry Valley coast to roughly 4 Ma for till in the upper Beacon Valley.
The samples were sent to Global Geolab Limited for palynological processing. The pro-cessing included acid digestion, heavy liquid separation, controlled oxidation, and slide mount-ing. During the acid digestion phase, 25-55 grams of the sample was exposed to a 10% hydrochlo-
ric acid solution and to a 70% hydrofluoric acid solution to dissolve the carbonate and siliceous matrix. The next step consisted in utilizing 25 ml of ZnBr2 (density of 2 g/ml) to separate the mi-crofossils from the residue. The supernatant was then decanted and exposed to 3 ml of Schultze reagent (mixture of KClO3 and HNO3) and placed in a hot plate to briefly oxidize the residue for the 
ease of identification. The final step was to mount the residue onto a microscope slide by mixing 
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Figure 4: Satellite map showing the sample site locations of palynological samples gath-ered by Boston University’s Antarctic Research Group throughout the McMurdo Dry Valleys (Boston University, 2015).
7the residue with glycerin and placing them onto a glass slide with a cover slip. Figure 5 and Table 1 presents a summary of all available and interpreted data associated with this study, and places the study samples in a global climate contex along with Lewis et al. 2008 and Warny et al. 2009 studies.Table 1: Summary table containing Sample ID, Sample Region, Sample GIS Latitude/Longi-tude, modern values for altitude, temperature, and precipitation, the inferred age of each sample, the basis for the age inference, and the Terrestrial Palynomorph Concentration (TCC) and Marine and Freshwater Palynomorph Concentration (MCC).
Altitude (m) Temp. (°C) Precipitation (mm weq)
Modern Val. Modern Val. Modern Val.
DMS-10-10-C Royal Society Range -78.09 164.269 500 ± 50m -7 100 16.95 ± 0.17 Argon 40/39 date on interbedded ash 1.4 0
DMS-10-10-G Royal Society Range -78.09 164.269 500 ± 50m -7 100 16.95 ± 0.17 Argon 40/39 date on interbedded ash 0 0
DMS-10-11-B Royal Society Range -78.09 164.269 500 ± 50m -7 100 16.95 ± 0.17 Argon 40/39 date on interbedded ash 1.4 0
DMS-10-11-F Royal Society Range -78.09 164.269 599 ± 50m -7 100 16.95 ± 0.17 Argon 40/39 date on interbedded ash 0.8 0
DMS-94-004 Miers Divide -78.084 164.292 500 ± 50m -7 100 16.95 ± 0.17 Argon 40/39 date on interbedded ash 0 0
DME-91-60 Asgard Range - Koenig Valley -77.597 160.81 1475 ± 50m -20 100  13.67±0.10 Correlated with Argon 40/39 date on nearby ash 107.9 0
DMS-91-62 Asgard Range - Koenig Valley -77.596 160.801 1475 ± 50m -20 100 >13.56 Ma   Strat correlation 0.9 0
DMS-91-82-C Asgard Range - Koenig Valley -77.597 160.805 1475 ± 50m -20 100 >13.56 Ma   Strat correlation 642.7 304.6
DMS-91-92 Asgard Range - Koenig Valley -77.6 160.779 1475 ± 50m -20 100 >13.56 Ma   Strat correlation 1.3 0
DME-96-30 Asgard Range - Njord Valley -77.6 161.151 1675 ± 50m -20 100  13.67±0.10 Correlated with Argon 40/39 date on nearby ash 9.2 0
DME-96-31B Asgard Range - Njord Valley -77.6 161.148 1675 ± 50m -20 100  13.67±0.10 Correlated with Argon 40/39 date on nearby ash 4.3 3.5
DME-96-33B Asgard Range - Njord Valley -77.6 161.151 1675 ± 50m -20 100  13.67±0.10 Correlated with Argon 40/39 date on nearby ash 39.6 0
DME-96-38 Asgard Range - Njord Valley -77.601 161.156 1675 ± 50m -20 100  13.67±0.10 Correlated with Argon 40/39 date on nearby ash 4 0
DME-96-39 Asgard Range - Njord Valley -77.601 161.158 1675 ± 50m -20 100  13.67±0.10 Correlated with Argon 40/39 date on nearby ash 1.2 0.2
DME-96-53A Asgard Range - Njord Valley -77.604 161.149 1675 ± 50m -20 100  13.67±0.10 Correlated with Argon 40/39 date on nearby ash 0.4 0.2
DMS-02-11-B Asgard Range - Njord Valley -77.616 161.382 1675 ± 50m -20 100 >14.8 Ma Strat correlation 0.3 0
DMS-89-211 Asgard Range - Njord Valley -77.604 161.146 1675 ± 50m -20 100  14.55 ± 0.06 Argon 40/39 date on interbedded ash 0.3 0
DMS-96-25-C Asgard Range - Njord Valley -77.6 161.149 1675 ± 50m -20 100  13.67±0.10 Argon 40/39 date on interbedded ash 0.5 0
DMS-96-33-C Asgard Range - Njord Valley -77.6 161.149 1675 ± 50m -20 100  13.67±0.10 Argon 40/39 date on interbedded ash 0 0
DMS-90-17 Asgard Range - Nibelungen Valley -77.593 161.373 1675 ± 50m -20 100 >14.8 Ma Strat correlation 0 0
DMS-90-36 Asgard Range - Nibelungen Valley -77.594 161.413 1675 ± 50m -20 100 10.08 ± 0.17 Ma Argon 40/39 date on interbedded ash 0.8 0
DMS-90-84 Asgard Range - Nibelungen Valley -77.618 161.385 1675 ± 50m -20 100 >13.56 Ma   Strat correlation 0.4 0
DMS-90-97-B Asgard Range - Nibelungen Valley -77.609 161.365 1675 ± 50m -20 100 >13.56 Ma   Strat correlation 1.2 0
DMS-91-2-B Asgard Range - Nibelungen Valley -77.613 161.373 1675 ± 50m -20 100 >14.8 Ma Strat correlation 0.5 0
DMS-91-22 Asgard Range - Nibelungen Valley -77.634 161.355 1675 ± 50m -20 100 15.01 ± 0.02 Argon 40/39 date on interbedded ash 0.6 0
DMS-91-22-B Asgard Range - Nibelungen Valley -77.634 161.355 1675 ± 50m -20 100 >15.01 ± 0.02 Argon 40/39 date on interbedded ash 0.7 0
DMS-89-132 Asgard Range - Sessrumnir Valley -77.612 160.88 1500 ± 50m -20 100 10.12 ± 0.13 Argon 40/39 date on interbedded ash 0.2 0
DMS-89-48-B Asgard Range - Sessrumnir Valley -77.601 160.906 1500 ± 50m -20 100 >13.56 Ma   Strat correlation 0.9 0
DMS-89-58 Asgard Range - Sessrumnir Valley -77.601 160.928 1500 ± 50m -20 100 >13.56 Ma   Strat correlation 1.5 0
DMS-89-58-B Asgard Range - Sessrumnir Valley -77.6 160.92 1500 ± 50m -20 100 >14.8 Ma Strat correlation 0.4 0
DMS-89-58-C Asgard Range - Sessrumnir Valley -77.599 160.913 1500 ± 50m -20 100 >14.8 Ma Strat correlation 0.6 0
DMS-89-73-C Asgard Range - Sessrumnir Valley -77.598 160.929 1500 ± 50m -20 100 >13.56 Ma   Strat correlation 0 0
DMS-91-78 Mt. Flemming -77.545 160.365 1700 ± 50m -20 100 >14.8 Ma Strat correlation 4.1 0
DMS-95-2 Bull Pass -77.465 161.767 575 ± 50m -8 100 Presumed Middle Miocene Strat correlation 0 0
DMS-95-35 Bull Pass -77.449 161.711 575 ± 50m -8 100 Presumed Middle Miocene Strat correlation 1.1 1.5
DMS-95-9 Bull Pass -77.471 161.774 575 ± 50m -8 100 Presumed Middle Miocene Strat correlation 0 0
DMS-02-19 Olympus Range (Boreas site) -77.475 161.163 1400 ± 50m -20 200 14.07 ± 0.05 Ma Strat correlation with dated ash in nearby lacustrine sediments 0.9 1.6
ALS-02-203-A Olympus Range (East) -77.448 161.527 1375 ± 50m -20 200 14.07 ± 0.05 Ma Strat correlation with dated ash in nearby lacustrine sediments 0.9 0
ALS-02-203-B Olympus Range (East) -77.448 161.527 1375 ± 50m -20 200 14.07 ± 0.05 Ma Strat correlation with dated ash in nearby lacustrine sediments 0.3 0
ALS-02-206 Olympus Range (East) -77.452 161.538 1375 ± 50m -20 200 14.07 ± 0.05 Ma Strat correlation with dated ash in nearby lacustrine sediments 0 0.4
ALS-02-59 Olympus Range (East) -77.454 161.506 1375 ± 50m -20 200 14.07 ± 0.05 Ma Strat correlation with dated ash in nearby lacustrine sediments 2.2 0
ALS-02-72 Olympus Range (East) -77.45 161.524 1375 ± 50m -20 200 14.07 ± 0.05 Ma Strat correlation with dated ash in nearby lacustrine sediments 0.2 0
DMS-00-5-A Olympus Range (West) -77.509 160.886 1350 ± 50m -15 100 > 10 Ma Strat correlation 0.4 0
DMS-00-6-C Olympus Range (West) -77.513 160.962 1350 ± 50m -15 100 > 10 Ma Strat correlation 2.1 0
DMS-00-8-F Olympus Range (West) -77.522 161.028 1350 ± 50m -6 50 > 10 Ma Strat correlation 12.9 0
DMS-95-31 Insell Range/ McKelvey Valley -77.421 161.555 575 ± 50m -9 100 Presumed Middle Miocene Strat correlation 4.2 0.4
DMS-95-43-B Insell Range/ McKelvey Valley -77.424 161.579 575 ± 50m -9 100 Presumed Middle Miocene Strat correlation 0.6 0.3
DME-97-30 Victoria Valley -77.404 161.66 575 ± 50m -5 200 Presumed Middle Miocene Ash yet to be dated 1292 735.6
DME-97-31B Victoria Valley -77.405 161.659 575 ± 50m -5 200 Presumed Middle Miocene Ash yet to be dated 5017.6 2247.5
DME-97-32 Victoria Valley -77.404 161.656 575 ± 50m -5 200 Presumed Middle Miocene Ash yet to be dated 0 0
DME-97-33 Victoria Valley -77.405 161.662 575 ± 50m -5 200 Presumed Middle Miocene Ash yet to be dated 31.4 1.4
DME-97-35 Victoria Valley -77.403 161.658 575 ± 50m -5 200 Presumed Middle Miocene Ash yet to be dated 27.4 2
DMS-97-28-A Victoria Valley -77.403 161.66 575 ± 50m -5 200 Presumed Middle Miocene Ash yet to be dated 5159.1 2386.1
DMS-97-28-B Victoria Valley -77.403 161.66 575 ± 50m -5 200 Presumed Middle Miocene Ash yet to be dated 29 3
DMS-97-28-C Victoria Valley -77.404 161.663 575 ± 50m -5 200 Presumed Middle Miocene Ash yet to be dated 4796.1 131.9
DMS-97-28-D Victoria Valley -77.404 161.663 575 ± 50m -5 200 Presumed Middle Miocene Ash yet to be dated 4087.4 513.1
DMS-97-28-I Victoria Valley -77.404 161.663 575 ± 50m -5 200 Presumed Middle Miocene Ash yet to be dated 0.6 0
DMS-97-32 Victoria Valley -77.404 161.655 575 ± 50m -5 200 Presumed Middle Miocene Ash yet to be dated 252.1 1575.3
DMS-97-34-A Victoria Valley -77.403 161.67 575 ± 50m -5 200 Presumed Middle Miocene Ash yet to be dated 4.2 0
DMS-02-7 Arena Valley -77.857 160.964 1300 ± 50m -11 75 11.27±0.12 Ma Argon 40/39 date on interbedded ash 0 0
DMS-91-750-C Arena Valley -77.828 160.986 1300 ± 50m -11 75 11.28±0.05 Ma Argon 40/39 date on interbedded ash 0.8 0
DMS-10-8-A Beacon Saddle -77.823 160.854 1750 ± 50m -20 75 Middle Miocene Strat correlation 0.2 0
DMS-10-8-B Beacon Saddle -78.823 161.854 1750 ± 50m -20 75 Middle Miocene Strat correlation 0.6 0
DME-06-9 Beacon Valley - Mullins Glacier -77.857 160.569 1350 ± 50m -12 75 >7.69±0.01 Ma Argon 40/39 date on interbedded ash 39.7 7.3
DME-97-7 Beacon Valley - Taylor  Glacier -77.852 160.601 1350 ± 50m -12 75 >8.07±0.06 Ma Argon 40/39 date on interbedded ash 69.7 0
DMS-99-2-A Beacon Valley, Granite drift -77.845 160.608 1350 ± 50m -12 75 8.07±0.06 Ma Argon 40/39 date on interbedded ash 0 0
DMS-97-7 Beacon Valley, Granite driftr -77.852 160.601 1350 ± 50m -12 75 >8.07±0.06 Ma Argon 40/39 date on interbedded ash 0.2 0.5
EME-98-13 Beacon Valley, Mullins Glacier -77.865 160.538 1350 ± 50m -12 75 7.69±0.01 Ma Argon 40/39 date on interbedded ash 131.8 0
NEST SITE ICE Beacon Valley, Mullins Glacier nest site -77.874 160.544 1350 ± 50m -12 75 > 4 Ma Average of multiple Argon 40/39 dates on overlying ash 17.7 15.3
DMS-98-13-A Beacon Valley, Mullins till -77.877 160.556 1350 ± 50m -12 75 8.07±0.06 Ma Argon 40/39 date on interbedded ash 0 0
DMS-06-2 Beacon Valley, nest site -77.874 160.544 1400 ± 50m -12 75 > 4 Ma Average of multiple Argon 40/39 dates on overlying ash 8.3 0.3
DMI-97-14-2-DEBRIS Central Beacon Valley -77.851 160.595 1350 ± 50m -12 75 >8.07±0.06 Ma Argon 40/39 date on interbedded ash 675.3 0
DMI-97-14-2-MELTWATER Central Beacon Valley -77.851 160.595 1350 ± 50m -12 75 >8.07±0.06 Ma Argon 40/39 date on interbedded ash 0.4 0.3
BNS-97-15-C Taylor Valley - Rhone -77.702 162.082 1200 ± 50m -4 50  >10.76±0.17 Strat correlation 0.4 0
BNS-97-37-C Taylor Valley - Rhone -77.704 162.072 1200 ± 50m -4 50  >10.76±0.17 Strat correlation 1.1 0
BNS-97-41-B Taylor Valley - Rhone -77.71 162.066 1000 ± 50m -4 50  10.76±0.17 Strat correlation 0 0
DMS-88-22-B Taylor Valley - Rhone -77.711 162.091 1000 ± 50m -4 50  10.76±0.16 Strat correlation 0.7 0
DMS-88-23-C Taylor Valley - Rhone -77.711 162.082 1000 ± 50m -4 50  10.76±0.16 Argon 40/39 date on interbedded ash 0.7 0
DMS-88-41 Taylor Valley - Rhone -77.711 161.934 1000 ± 50m -4 50  10.76±0.16 Strat correlation 1.4 0
DMS-88-49 Taylor Valley - Rhone -77.712 161.665 1000 ± 50m -4 50  10.76±0.16 Strat correlation 0.9 0
DMS-97-1-D Taylor Valley - Rhone -77.71 162.054 1000 ± 50m -4 50 10.09±0.16 Argon 40/39 date on interbedded ash 0.5 0
DME-88-28 Rhone Platform -77.709 162.088 1000 ± 50m -4 50  10.76±0.16 Strat correlation 76.7 4.4
TCC 
(GDW^-1)
MCC 
(GDW^-1)
Sample ID Sample Region Latitude Longitude Inferred age Basis
8Figure 5: General sample regions with inferred age and altitude plotted on early Cenozoic 
history plots of Oxygen 18 isotope data and Atmospheric Carbon Dioxide data modified from Zachos et al. 2011 and Zhang et al. 2013. Oxygen 18 was plotted utilizing a running av-erage of 15 of original data, and Carbon Dioxide was plotted using minimum, average, and maximum values of original data. 
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9CHAPTER 3: RESULTS AND DISCUSSION Figure 6, 7, 8, 9, 11, and 15, and  Tables 2-7 present the results of the palynological tabu-lation completed. All 82 samples have been fully analyzed and all fossilized palynomorphs iden-
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Figure 6: Sample spatial plot map of the McMurdo Dry Valley region utilizing WorldView-1, WorldView-2. QuickBird-2, and GeoEye-1 high resolution imagery. All samples’ (with the exception of DMS-91-82-C) terrestrial sourced palynomorph concentration is plotted by circles with varying diameters based on concentration values (Polar Geospatial Center and DigitalGlobe, Inc., 2017). 
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tified and counted. Most of the samples required the examination of multiple slides as recovery was very low. Many of the locations studied turned out to be barren in palynomorphs. There are notable exceptions, 7 of the 82 samples provided an excellent recovery giving us details on what type of vegetation was growing, where, and when. These productive samples include sam-ples DME-97-30, DME-97-31B, DMI-97-14-2 (debris), DMS-97-28D, DMS-97-28C, DMS-97-28A, DMS-97-32. Samples DME-97-30, DME-97-31B, DMS-97-28D, DMS-97-28C, DMS-97-28A, and DMS-97-32 were collected from Victoria Valley and have terrestrial derived palynomorph con-centrations (i.e. pollen and spores) ranging from 252.1 to 5159.1 gdw-1 and nonterrestrial derived palynomorph (mostly acritarchs) concentrations ranging from 131.9 to 2386.1 gdw-1. Samples DMI-97-14-2 (debris) was collected from Beacon Valley, which has a terrestrial derived palyno-morph concentration of 675.3 gdw-1 and is barren in regards to nonterrestrial derived palyno-morph. The most abundant pollen genus recovered within the samples from Victoria Valley is an angiosperm pollen belonging to the Nothofagus (fusca group) genus. The fusca group’s pollen morphology has been characterized as having thickened colpal margin and a peritreme outline 
that allows for identification from other types of Nothofagus pollen (Dettmann et al., 1990) with 
a high degree of confidence. Nothofagus specimens belonging to the fusca group grow in high latitudes and are known to be associated with cool climates (Hill and Scriven, 1994). The nonterrestrial derived palynomorphs are dominated by Leiosphaeridia species which have been interpreted as an indicator for sea ice conditions (Warny et al, 2006, 2009; Griener et al, 2015). Zygnemataceae spores were identified in several samples. These palynomorphs are often observed in shallow and stagnant freshwater (Warny et al., 2009; Griener et al., 2015). The following sections discuss the palynological data tabulated from each location ana-lyzed in the context of age estimate received to date.
3.1 Royal Society Range  The Miers Divide region which can be seen in Figure 7 and Table 2 was the location for 5 samples. The age range of the samples collected here are from 16.95 ± 0.17 Ma and had an al-titude ranging 500 to 599 ± 50 m (Marchant, pers. comm.).  The samples collected here yielded results that were barren. Terrestrial palynomorph concentration ranges from 0 to 1.4 gdw-1 and completely lacked any nonterrestrial palynomorphs. 
3.2 Asgard RangeFrom different valleys within the Asgard Range including the Koenig, Njord, and Sess-rumnir valleys (Figure 7 and Table 2) 27 samples were collected. Samples collected from this region spanned 10.08 ± 0.17 to 15.01 ± 0.02 Ma in age with altitudes ranging 1500 to 1700 ± 50 m (Marchant, pers. comm.). The samples from this region were dominated by reworked thermal-ly metamorphosed specimens, with very few in situ identifable palynomorphs. This region may have had isolated pockets of very spares vegetation.  
Table 2: Royal Society Range table containing code number for identification, Sample ID, Sample Region, Sample GIS Latitude/Longitude, modern values for altitude, temperature, and precipitation, the inferred age of each sample, the basis for the age inference,and the Terrestrial Palynomorph Concentration (TCC) and Marine and Freshwater Palynomorph Concentration (MCC).
Altitude (m) Temp. (°C) Precipitation (mm weq)
Modern Val. Modern Val. Modern Val.
1 DMS-10-10-C Royal Society Range -78.09 164.269 500 ± 50m -7 100 16.95 ± 0.17 Argon 40/39 date on interbedded ash 1.4 0
2 DMS-10-10-G Royal Society Range -78.09 164.269 500 ± 50m -7 100 16.95 ± 0.17 Argon 40/39 date on interbedded ash 0 0
3 DMS-10-11-B Royal Society Range -78.09 164.269 500 ± 50m -7 100 16.95 ± 0.17 Argon 40/39 date on interbedded ash 1.4 0
4 DMS-10-11-F Royal Society Range -78.09 164.269 599 ± 50m -7 100 16.95 ± 0.17 Argon 40/39 date on interbedded ash 0.8 0
5 DMS-94-004 Miers Divide -78.084 164.292 500 ± 50m -7 100 16.95 ± 0.17 Argon 40/39 date on interbedded ash 0 0
Inferred age Basis TCC 
(GDW^-1)
MCC 
(GDW^-1)
Code # Sample ID Sample Region  Latitude Longitude
11
Figure 7: Sample spatial plot map of Royal Society Range samples utilizing WorldView-1, WorldView-2, QuickBird-2, and GeoEye-1 high resolution imagery. All samples’ terrestrial sourced palynomorph concentration is plotted by circles with varying diameters based on concentration values (Polar Geospatial Center and DigitalGlobe, Inc., 2017).
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3.2.1 Asgard Range - Koenig ValleyKoenig Valley within the Asgard Range provided 4 samples. Samples DMS-91-82C and DME-91-60 have the highest concentration of palynomorphs with respect to all of the other sam-ples collected throughout the Asgard Range. Sample DMS-91-82C and DME-91-60 have concen-trations ranging from 107.9 to 642.7 gdw-1 for terrestrially derived palynomorphs and concen-trations ranging from 0 to 304.6 gdw-1 for palynomorphs derived from nonterrestrial sources. Sample DMS-91-82C and DMS-91-92 can be seen in Plates 1 and 2. Sample DMS-91-82C con-tained one Leiosphaeridia sp, Nothofagidites sp. (fusca), and Coptospora sp. grains. Sample DMS-91-92 contained one Chenopodipollis sp. grain with Schizophacus sp algae. Sample DME-91-60 contained penecontemporaneous assemblage is made up entirely of bryophyte spores, with a few lycophyte spores, and a Chenopodipollis pollen, and abundant mainly black and brownish-black 
organic matter, and corroded mostly unidentifiable black and brownish black reworked Beacon spores and pollen (see Plate 3 & 4). The reworked Beacon assemblage includes spores, monosac-cate, bisaccate and taeniate bisaccate pollen, of likely Permian origin for most, consistent with the abundant coaly organic matter. DME-91-60 contained one laboratory contaminant (a pink-stained dinocyst) and a large triporate pollen that is also likely a laboratory contaminant. It is of the northern Carya/Caryopollenites type as shown on Plate 3, microphotograph 2.
3.2.2 Asgard Range - Nibelungen Valley
 Nibelungen Valley from the Asgard Range was the location for 7 samples. The samples from this region were barren with samples concentration ranging from 0 to 1.2 gdw-1 for terres-trially derived palynomorphs and completely barren of palynomorphs derived from nonterres-trial sources. 
3.2.3 Asgard Range - Njord Valley  The Njord Valley from the Asgard Range had 10 samples retrieved from this location. The samples from this region were barren with samples concentration ranging from 0 to 39.6 gdw-1 for terrestrially derived palynomorphs and 0 to 3.5 gdw-1 palynomorphs derived from nonter-restrial sources. Most samples from this region contained reworked thermally metamorphosed specimens, but samples DME-96-53A, DME-96-30, DME-96-31B, DME-96-38, and DME-96-39 
Table 3: Asgard Range table containing code number for identification, Sample ID, Sample Region, Sample GIS Latitude/Longitude, modern values for altitude, temperature, and pre-cipitation, the inferred age of each sample, the basis for the age inference, and the Terrestri-al Palynomorph Concentration (TCC) and Marine and Freshwater Palynomorph Concentra-tion (MCC).
Altitude (m) Temp. (°C) Precipitation (mm weq)
Modern Val. Modern Val. Modern Val.
1 DME-91-60 Asgard Range - Koenig Valley -77.597 160.81 1475 ± 50m -20 100  13.67±0.10 Correlated with Argon 40/39 date on nearby ash 107.9 0
2 DMS-91-62 Asgard Range - Koenig Valley -77.596 160.801 1475 ± 50m -20 100 >13.56 Ma   Strat correlation 0.9 0
3 DMS-91-82-C Asgard Range - Koenig Valley -77.597 160.805 1475 ± 50m -20 100 >13.56 Ma   Strat correlation 642.7 304.6
4 DMS-91-92 Asgard Range - Koenig Valley -77.6 160.779 1475 ± 50m -20 100 >13.56 Ma   Strat correlation 1.3 0
5 DME-96-30 Asgard Range - Njord Valley -77.6 161.151 1675 ± 50m -20 100  13.67±0.10 Correlated with Argon 40/39 date on nearby ash 9.2 0
6 DME-96-31B Asgard Range - Njord Valley -77.6 161.148 1675 ± 50m -20 100  13.67±0.10 Correlated with Argon 40/39 date on nearby ash 4.3 3.5
7 DME-96-33B Asgard Range - Njord Valley -77.6 161.151 1675 ± 50m -20 100  13.67±0.10 Correlated with Argon 40/39 date on nearby ash 39.6 0
8 DME-96-38 Asgard Range - Njord Valley -77.601 161.156 1675 ± 50m -20 100  13.67±0.10 Correlated with Argon 40/39 date on nearby ash 4 0
9 DME-96-39 Asgard Range - Njord Valley -77.601 161.158 1675 ± 50m -20 100  13.67±0.10 Correlated with Argon 40/39 date on nearby ash 1.2 0.2
10 DME-96-53A Asgard Range - Njord Valley -77.604 161.149 1675 ± 50m -20 100  13.67±0.10 Correlated with Argon 40/39 date on nearby ash 0.4 0.2
11 DMS-02-11-B Asgard Range - Njord Valley -77.616 161.382 1675 ± 50m -20 100 >14.8 Ma Strat correlation 0.3 0
12 DMS-89-211 Asgard Range - Njord Valley -77.604 161.146 1675 ± 50m -20 100  14.55 ± 0.06 Argon 40/39 date on interbedded ash 0.3 0
13 DMS-96-25-C Asgard Range - Njord Valley -77.6 161.149 1675 ± 50m -20 100  13.67±0.10 Argon 40/39 date on interbedded ash 0.5 0
14 DMS-96-33-C Asgard Range - Njord Valley -77.6 161.149 1675 ± 50m -20 100  13.67±0.10 Argon 40/39 date on interbedded ash 0 0
15 DMS-90-17 Asgard Range - Nibelungen Valley -77.593 161.373 1675 ± 50m -20 100 >14.8 Ma Strat correlation 0 0
16 DMS-90-36 Asgard Range - Nibelungen Valley -77.594 161.413 1675 ± 50m -20 100 10.08 ± 0.17 Ma Argon 40/39 date on interbedded ash 0.8 0
17 DMS-90-84 Asgard Range - Nibelungen Valley -77.618 161.385 1675 ± 50m -20 100 >13.56 Ma   Strat correlation 0.4 0
18 DMS-90-97-B Asgard Range - Nibelungen Valley -77.609 161.365 1675 ± 50m -20 100 >13.56 Ma   Strat correlation 1.2 0
19 DMS-91-2-B Asgard Range - Nibelungen Valley -77.613 161.373 1675 ± 50m -20 100 >14.8 Ma Strat correlation 0.5 0
20 DMS-91-22 Asgard Range - Nibelungen Valley -77.634 161.355 1675 ± 50m -20 100 15.01 ± 0.02 Argon 40/39 date on interbedded ash 0.6 0
21 DMS-91-22-B Asgard Range - Nibelungen Valley -77.634 161.355 1675 ± 50m -20 100 >15.01 ± 0.02 Argon 40/39 date on interbedded ash 0.7 0
22 DMS-89-132 Asgard Range - Sessrumnir Valley -77.612 160.88 1500 ± 50m -20 100 10.12 ± 0.13 Argon 40/39 date on interbedded ash 0.2 0
23 DMS-89-48-B Asgard Range - Sessrumnir Valley -77.601 160.906 1500 ± 50m -20 100 >13.56 Ma   Strat correlation 0.9 0
24 DMS-89-58 Asgard Range - Sessrumnir Valley -77.601 160.928 1500 ± 50m -20 100 >13.56 Ma   Strat correlation 1.5 0
25 DMS-89-58-B Asgard Range - Sessrumnir Valley -77.6 160.92 1500 ± 50m -20 100 >14.8 Ma Strat correlation 0.4 0
26 DMS-89-58-C Asgard Range - Sessrumnir Valley -77.599 160.913 1500 ± 50m -20 100 >14.8 Ma Strat correlation 0.6 0
27 DMS-89-73-C Asgard Range - Sessrumnir Valley -77.598 160.929 1500 ± 50m -20 100 >13.56 Ma   Strat correlation 0 0
28 DMS-91-78 Mt. Flemming -77.545 160.365 1700 ± 50m -20 100 >14.8 Ma Strat correlation 4.1 0
Code # Sample ID Sample Region  Latitude Longitude Inferred age Basis TCC (GDW^-1)
MCC 
(GDW^-1)
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yielded interesting results. Sample DME-96-53A was very poor in palynomorphs and organic matter, it contains barely a trace of very small black organic matter, one small tricolpate pollen, two grains of Chenopodipollis sp. and one leiospherid alga (see Plate 5). The sample is charac-terized by overwhelming added Lycopodium which confirms that the assemblage was extremely sparse. Sample DME-96-30 is composed of translucent nondescript tissue and dark brown-black organic matter. The recovered assemblage is sparse but relatively diverse containing penecon-temporaneous moss Coptospora sp. and other bryophytes, possibly moss, hornwort or liverwort, lycophyte spores, and an assortment of angiosperm pollen including Poaceae (grass), Restion-aceae (rush-like herbs), and several small triaperturate pollen. It also contains rare reworked spores and Alisporites sp. and a single pink-stained laboratory contaminant (see Plate 6). Sample DME-96-31B contained sparse in situ paynomorphs that are mixed with abun-dant reworked palynomorphs of mostly Cretaceous age. It addition, abundant light-colored 
tissue and light-colored fluffy degraded material, including sheets of tissue and fragments that 
could be pieces of dinoflagellate cysts are noted, along with some dark brownish black and black organic matter. Palynomorphs in this sample are mainly Cretaceous dinocysts, and spores some 
of which were identifiable, reworked Triassic, but mostly indeterminate. Bisaccate pollen which might be part of the Cretaceous assemblage, but appeared to be reworked older Mesozoic forms. 
Plate 1. Light photomicrographs of key in situ specimens from sample DMS-91-82C, Asgard 
Range-Koenig Valley, Antarctica. All specimens are all shown at the same magnification with a 50 micrometer scalebar included. 1. Nothofagidites sp. (fusca). view #1. DMS-91-82C. 16.6x115. (60x). 2. Coptospora sp. view #1. DMS-91-82C. 12.5x137.8. (60x). 3. Leiosphaerid-
ia sp. view #1. DMS-91-82C. 7.3x126.2. (60x). 4. Leiosphaeridia sp. view #1. DMS-91-82C. 16.6x118.2. (60x).  5. Leiosphaeridia sp. view #1. DMS-91-82C. 18.7x113. (60x). 6. Leios-
phaeridia sp. view #1. DMS-91-82C. 10.1x133.7. (60x).
1 2 3
4 5 6
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No diagnostic Cretaceous terrestrial taxa were observed; the diagnostic Cretaceous taxa are all marine. There are also rare possibly penecontemporaneous palynomorphs including small tripo-rate and tricolporate pollen, periporate pollen Chenopodipollis sp. and Colobanthus (Caryophyl-laceae), and a single Nothofagidites lachlaniae and a few small Leiosphaeridia sp. The presence of these mixed with the other two assemblages suggests the Cretaceous and older specimens are reworked. The Cretaceous marine assemblage is intriguing. The relative abundance of these forms indicates the presence of nearby Cretaceous sediments, or at least a palynomorph-rich small clast within the Dry Valley region. This Cretaceous “outcrop” is likely presently sediment or ice-covered as no such strata have ever been encountered in this part of Antarctica, or, if they are not presently sediment or ice-covered, they could be completely eroded. Occasional reworked specimens (particularly of the easily recognized Odontochitina, typically O. operculata, as in this sample) have been reported from McMurdo Sound Eocene erratics (Askin, 2000), possibly de-rived from south of Mt. Discovery. No reworked Odontochitina or similar-aged dinocysts were reported from seaward in the ANDRILL cores (AND-SMS) or slightly further north reworked into the Cape Roberts Project cores (CRP-1, CRP-2/2A or CRP-3), off the mouth of the Mackay Glacier. 
This suggests that the Cretaceous sediment provenance is small and localized. The identification 
of the dinoflagellates is made difficult because of the corroded nature of the walls, and by the fact that most species are only represented by one or two specimens so the archeopyle and plate 
tabulation is not always visible. Thus, identifications presented here are tentative, but it is quite certain that most specimens recovered are of Cretaceous age, ranging most likely from the Aptian 
1 2 3
4 5 6Plate 2. Light photomicrographs of key in situ specimens from sample DMS-91-92, Asgard 
Range-Koenig Valley, Antarctica. All specimens are all shown at the same magnification with a 50 micrometer scalebar included. 1. Chenopodipollis sp. view #1. DMS-91-92C. 4.6x125.9. (60x). 2. Chenopodipollis sp. view #2. DMS-91-92. 4.6x125.9. (60x). 3. Chenopodipollis sp. view #3. DMS-91-92. 4.6x125.9. (60x). 4. Schizophacus sp. view #1. DMS-91-92. 12x126.1. (60x).  5. Schizophacus sp. view #1. DMS-91-92. 3.5x134. (60x). 6. Schizophacus sp. view #1. DMS-91-92. 11.1x128. (60x).
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Plate 3. Light photomicrographs of key in situ pollen and spores species from sample DME-91-60, Asgard Range, Antarctica. 1. Chenopodipollis sp., view #4, 7.6 x 132.9, 60x. 2. 
Caryopollenites sp., DV3012, 100x (laboratory contaminant). 3. ?Gymnosperm pollen possi-bly reworked, view #3, 8.1 x 140.4, 60x. 4. Triporoletes sp./Bryophyte spore, DV301, 100x. 5. Triporoletes sp./Bryophyte spore, view #1, 11.0 x 129.0, 60x. 6. Triporoletes sp., view #3, 14.0 x 125.0, 60x. to the Maastrichtian. More precise age could be proposed if we recovered better and more abun-dant specimens. Odontochina operculata was the most abundant and easily identificable species, 
but this species is believed to range from 129.93 - 67.33 Ma. The other tentatively identified genera include mainly Late Cretaceous genera such as Areoligera (range of 72.96 - 70.81 Ma), or 
Glaphyrocysta (range of 86 - ? Ma); Spinidinium sp. (range for genus of 87.44 - 71.69 Ma), Spini-
dinium sverdrupianum (range of 68.5 - 65.0 Ma), Isabelidinium pellucidum (range of 76.30 - 67.30 Ma), a genus possibly related to Samlandia (Late Cretaceous), and Chatangiella triparta (range of 85.60 - 65.0 Ma) see Plates 7-10. Sample DME-96-33B contains sparse brownish black and black OM, and a penecontem-poraneous assemblage of mainly bryophyte spores (including moss Coptospora spp., hornwort or liverwort spores, lycophyte spores, and assorted small angiosperm pollen, including Aster-aceae and Chenopodiaceae. One reworked Cretaceous dinocyst, Odontochitinaoperculata, and some reworked bisaccate pollen likely Permian or Mesozoic were observed (see Plates 11 and 12). Sample DME-96-38 was sparse with rare small black organic matter and partially degraded orange brown organic matter. It contained Poaceae, Chenopodipollis sp. and small tricolporate angiosperm pollen, which also indicate sparse tundra vegetation. The most interesting recovery in this sample is what we believe is a fragment of an insect which can be seen in Plate 13. Dr. Sean Thomas O’Keefe, an entomologist, was asked for his opinion on this specimen. He noted that, given the size, that it might be part of a mite. It has foliose setae (those interesting leaf-
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Plate 4.  Light photomicrographs of reworked,  thermally metamorphosed pollen and spore specimens from sample DME-91-60, Asgard Range, Antarctica.  1. Taeniate bisaccate pollen 
Protohaploxypinus sp. (Permian), DV3010. 2. Bisaccate pollen , view #3, 6.2 x 145.6, 60x. 3. Bisaccate pollen, possibly taeniate, view #2, 15.5 x 134.0, 60x. 4. Bisaccate pollen possibly taeniate, view #3, 19.0 x 145.0, 60x. 5. Bisaccate pollen, view #2, 19.0 x 117.0, 60x. 6. In-determinate trilete spore, ?granulate, view #4, 15.5 x 114.5, 60x. 7. Trilete spore,, view #2, 7.0 x 117.7, 60x. 8. Bisaccate pollen, possibly taeniate, view #1, 11.0 x 145.8, 60x. 9. Trilete spore?, view #3, 20.0 x 129.5, 60x.
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Plate 5. Light photomicrographs of key pollen species from sample DME-96-53-A, Asgard Range, Antarctica. 1-3. Chenopodipollis sp., views #1, 3, 5, 16.8x122.2, 60x. 4-6. Chenopodi-
pollis sp., views #1, 3, 5, 20.3 x 134.8, 60x.like portions projecting from the main body), which argue for something acarine (a mite). The “hole”, or spiracle just before the portion that looks like a leg comes off of the body also argues for a mite (their spiracles are just in front of the last set of legs). Sample DME-96-39 contained another sparse slide with occasional black organic and partially degraded brown organic matter. Rare penecontemporaneous palynomoprhs, a moss spore (Coptospora sp.) and lycophyte spore (Retitriletes) and several Chenopodipollis spp. were found with one reworked corroded bisaccate pollen as shown in Plate 14.
3.2.4 Asgard Range - Sessrumnir ValleyThe Asgard Range had 6 samples were collected from the Sessrumnir Valley. The sam-ples from this region were barren with samples concentration ranging from 0 to 1.5 gdw-1 for terrestrially derived palynomorphs and are completely barren of palynomorphs derived from nonterrestrial sources. The samples from this region were completely dominated by reworked thermally metamorphosed specimens. Chenopodipollis sp. grains were observed in DMS-89-132 
and DMS-89-58C. One unidentified triporate pollen grain was observed in DMS-89-58B.
3.2.5 Asgard Range – Mount FlemmingMount Flemming near the Asgard Range provided only one sample for this study. The samples from this region were barren with samples concentration ranging from 0 to 4.1 gdw-1 for terrestrially derived palynomorphs and is completely barren of palynomorphs derived from nonterrestrial sources. DMS-91-78 was completely dominated by reworked thermally metamor-
phosed specimens. One unknown trilete spore was identified among mostly reworked thermally metamorphosed podocarp specimens. 
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Plate 6. Light photomicrographs of key in situ pollen and spores species from sample DME-96-30-B, Asgard Range, Antarctica.  1. Triporoletes sp., view #2, 6.3 x 108.6, 60x. 2. Triporo-
letes sp., view #3, 6.3 x 108.6, 60x. 3. Triporoletes sp., view #3, 15.4 x 122.0, 60x. 4. Sacless gymnosperm?, view #2, 5.0 x 109.5, 60x. 5. Indeterminate pollen with clavate ornamen-tation, view #1, 18.0 x 140.3, 60x. 6. Monoporate,  Poaceae, view #4, 8.9 x 116.5, 60x. 7. Monoporate,  Restionaceae, DV2020 100x. 8. Triporate pollen, view #1, 10.0 x 110.1, 60x (potential contaminant). 9. Tricoloporate sp. A, view #6, 18.0 x 132.4, 60x. 10. Tricolporate sp. A, DV2021, 100x. 11. Unknown reworked spore, view #1, 6.3 x 127.6, 60x. 12. Thermally metamorphosed fragment of spore.
3.3 Olympus Range The Olympus Range and the nearby regions of Bull Pass and Mckelvey Valley which can be seen in Figure 8, Table 4, and Plate 15 was the location for 14 samples. These 14 samples spanned an age range of 10 Ma to the Middle Miocene and were collected from altitudes rang-ing 575 to 1400 ± 50 m (Marchant, pers. comm.).  This region is similar to the Asgard Range region being mostly composed of reworked thermally metamorphosed material, however this region has few freshwater and marine palynomorphs near the Bull Pass and McKelvey Valley 
area. This suggests that this region was exposed to freshwater and marine influence. Personal communication with Dr. David Marchant suggests that the age of the Olympus Range samples to be around 17 Ma.
3.3.1 Olympus Range – Bull Pass Bull Pass near by the Olympus Range was the source location for 3 samples. The samples from this region were barren and had a terrestrial derived concentration of 1.1 gdw-1 and a non-
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Plate 7. Light photomicrographs of key in situ pollen and spore species from sample DME-96-31-B, Asgard Range, Antarctica. 1. ?Colobanthus sp., view #2, 8.4 x 128.8, 60x. 2.? Colo-
banthus sp., view #4, 8.4 x 128.8, 60x. 3. Chenopodipollis sp., DV2023, 100x. 4.* Tricolporate, view #1, 6.2 x 139.6, 60x. 5.* Tricolporate, view #4, 6.2 x 139.6, 60x. 6. Reworked Dictyo-
phyllidites sp. (Mesozoic), view #1, 6.7 x 133.0, 60x. 7. Reworked Alisporites sp. (Mesozoic), DV2022, 100x. 8. Reworked  Alisporites sp. (Mesozoic), view #2, 8.4 x 131.0, 60x.
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Plate 8. Light photomicrographs of key marine palynomorph species (dinoflagellates, Zyg-
nemaceae and acritarch) from sample DME-96-31-B, Asgard Range, Antarctica. 1. Reworked 
unidentified dinoflagellate, DV1005. 2. Reworked dinoflagellate, possibly related to the genus Hystrichokolpoma, view #2, 14.3 x 111.4, 60x. 3. Reworked unidentified dinoflagel-
late, DV1006. 4. Reworked unidentified dinoflagellate, DV1007. 5. Reworked unidentified 
dinoflagellate, DV1013. 6. Spore of Zygnemaceae, view #1, 8.4 x 134.5, 60x. 7. Reworked 
?acritarch, view #1, 11.3 x 146.1 (60x). 8. Dinoflagellate, possibly related to the genus 
Samlandia (range of Late Cretaceous), DV1017. 9. Dinoflagellate, possibly related to one of these Cretaceous genera; Areoligera (range of 72.96 - 70.81 Ma), Cyclonephelum (range of 117 - 94 Ma), or Glaphyrocysta (range of 86 - ? Ma), view #2, 11.0x 110.6, 60x.
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Plate 9. Light photomicrographs of key dinoflagellates from sample DME-96-31-B, Asgard Range, Antarctica. 1. ?Spinidinium sp. (range for genus of 87.44 - 71.69 Ma), view #2, 6.9 x 128.5, 60x. 2.?Spinidinium sp. (range for genus of 87.44 - 71.69 Ma), view #1, 8.4 x 131.9, 60x. 3. ?Isabelidinium pellucidum (range of 76.30 - 67.30 Ma), DV1003. 4. ?Spinidinium sp., 
view #2, 9.5 x128.4, 60x. 5. Unidentifiable dinoflagellate, view #2, 10.5 x 118.0, 60x. 6. Possibly related to Samlandia (Late Cretaceous genus), DV1016. 7. ?Chatangiella triparta (range of 85.60 - 65.0 Ma), view #2, 10.5 x 129.8, 60x. 8. ?Chatangiella triparta (range of 85.60 - 65.0 Ma), view #2, 9.5 x 124.2, 60x. 9. ?Spinidinium sverdrupianum (range of 68.5 - 65.0 Ma), DV1004. 10. ?Chatangiella triparta (range of 85.60 - 65.0 Ma), DV2014.
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Plate 10. Light photomicrographs of key dinoflagellates from sample DME-96-31-B, Asgard Range, Antarctica. 1-5. Various specimens of the Cretaceous species Odontochina operculata (range from 129.93 - 67.33 Ma). 1. DV1001. 2. DV1002. 3. DV1009. 4. DV1010. 5. DV1011.
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Plate 11. Light photomicrographs of key pollen and spore species from sample DME-96-33-B, Asgard Range, Antarctica. 1. Asteraceae, view #2, 8.1 x 137.7, 60x. 2. Asteraceae, DV3005, 100x. 3. Chenopodipollis sp., view #4, 10.0 x 134.6, 60x. 4. Tricolpate pollen, view #3, 10.0 x 147.3, 60x. Potential laboratory contaminant. 5. Triporate pollen,, DV3003, 100x. 6. Triporate pollen, view #2, 17.0 x 120.7, 60x. Potential laboratory contaminant. 7. Tricoloporate sp. A, DV2024, 100x. 8. Tricolporate sp. A, DV2025, 100x. 9. Tricolporate sp. A, DV3001, 100x. 10. Tricolporate sp. A, DV3002, 100x. 11. Triporoletes sp., view #4, 5.6 x 119.0, 60x. 12. Triporoletes sp., view #1, 8.1 x 144.6, 60x. 13. Reworked  bisaccate pollen, looks vaguely taeniate, view #1, 8.5 x 115.4, 60x.
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Plate 12. Light photomicrographs of key dinoflagellate species from sample DME-96-33-B, 
Asgard Range, Antarctica. 1-2. In situ? dinoflagellate cyst, views #2-4, 5.6 x 134.0, 60x. 3. Reworked archeopyle of Odontochitina operculata (range from 129.93 - 67.33 Ma), DV1018.terrestrial derived concentration of 1.5. Samples from this region were composed primarily of thermally metamorphosed specimens. Two algal specimens were found including Schizophacus sp. and Leiosphaeridia sp. in sample DMS-95-35. These palynomorphs are indicative marine in-
fluence, and possibly some freshwater influence as indicated by the Schizophacus sp.
3.3.2 Olympus Range – Boreas Site Boreas Site, which can be found in the Olympus Range, had only one sample. The sample was barren of palynomorphs and had a concentration of 0.9 and 1.6 gdw-1 for terrestrial and non-terrestrial sourced palynomorphs. Sample DMS-02-19 contained primarily reworked thermally metamorphosed specimens with two Leiosphaeridia sp. cysts and two Nothofagidites sp. (fusca) pollen grains. 
3.3.3 Olympus Range – East The Eastern portion of the Olympus Range provided 5 samples. The samples were barren having concentrations of 0 to 2.2 gdw-1 and 0 to 0.4 gdw-1 for terrestrial and nonterrestrial paly-nomorphs.
3.3.4 Olympus Range - West The Western portion of the Olympus Range was the location for 3 samples. The samples collected here had concentrations that were barren ranging from 0.4 to 12.9 gdw-1 for terrestrial 
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Plate 13.  Light photomicrographs of key pollen and spore species and insect from sample DME-96-38, Asgard Range, Antarctica. 1-2. Insect fragment?, views #1 and 4, 23.3 x 110, 60x. 3. Chenopodipollis sp., DV3007, 100x. 4. Poaceae, view #2, 10.6 x 144.0, 60x. 5. Poaceae, view #4, 23.0 x 127.5, 60x. 6. Tricolporate sp. A, view #1, 12.5 x 140.4, 60x. 7. Tricolporate sp. A, view #3, 23.6 x 139.9, 60x. 8. Fragment of ?bisaccate pollen, ? reworked, view #2, 10.6 x 143.4, 60x.
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Plate 14. Light photomicrographs of key pollen species from sample DME-96-39, Asgard Range, Antarctica. 1. Reworked Podocarpidites sp., DV3009, 100x, 2-3. Chenopodipollis sp., views #3 and 4, 17.1 x 146.4, 60x. 4. Chenopodipollis sp., DV3008, 100x. 5. Chenopodipollis sp., view #5, 18.8 x 114.7, 60x.palynomorphs.
3.3.5 Olympus Range – McKelvey Valley
 Nearby McMelvey Valley, located close to the Olympus Range, 2 samples were collected. The samples collected here had concentrations ranging 0.6 to 4.2 gdw-1 and 0.3 to 0.4 gdw-1 for 
terrestrial and nonterrestrial derived palynomorphs. Sample DMS-91-43B is the first sample to 
have what appears to be an in situ dinoflagellate cysts which can be seen in plate 15. Dinofla-
gellate cysts can be indicative of a marine influence, so this region must have been exposed to 
marine influence previously. 
3.4 Victoria Valley  Victoria Valley region was the site where 12 samples were collected, as shown in Figure 10 and Table 5. The interpreted ages of this region are thought to be Mid-Miocene in age, and the altitude of this region is 575 ± 50 m (Dr. Marchant, personal communication). This region has the highest ranges of concentrations for both terrestrial and nonterrestrial palynomorphs. The terrestrial concentration ranges from 0 to 5159.1 gdw-1 and the nonterrestrial component ranges from 0 to 2386.1 gdw-1. Samples DME-97-30, DME-97-31B, DME-97-32, DME-97-33, DME-97-35, DMS-97-28A, DMS-97-28C, DMS-97-28D, and DMS-97-32 yielded interesting results. Sample DME-97-30, as seen in plates 16 and 17 contains abundant Nothofagidites lachlaniae, including several clumps. The presence of these clumps is important as it is a very clear indication that these specimens are penecontemporaneous, as reworking would break the clumps. The sample also contains some bryophyte spores (mosses Coptospora, and liverwort Belgisporis), and a sin-gle possible in-place podocarp conifer pollen. although pollen of the woody plant Nothofagus is abundant (though this may have resulted from a fortuitous pollen sac preservation), no other angiosperm pollen was observed. This suggests a slightly different habitat from those from the 
Asgard Range which have a more diverse angiosperm flora. This could also result from an age dif-ference. The other unique characteristic of this sample is the abundant algal material recovered some Leiosphaeridia spp. (large and small types), and common Botryococcus (some partially de-
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Table 4: Olympus Range table containing code number for identification, Sample ID, Sample Region, Sample GIS Latitude/Longitude, modern values for altitude, temperature, and pre-cipitation, the inferred age of each sample, the basis for the age inference, and the Terrestri-al Palynomorph Concentration (TCC) and Marine and Freshwater Palynomorph Concentra-tion (MCC).
1 2Plate 15. Light photomicrographs of various tricolpate pollen grains from sample DMS-91-
43B McKelvey Valley, Antarctica. All specimens are all shown at the same magnification with a 50 micrometer scalebar for 1, and a 25 micrometer scalebar for 2-3. 1.Micrhystrid-
ium sp. view #1. DMS-91-43B. 2x141.1. (60x). 2. Nothofagidites sp. (fusca). view #1. DMS-91-43B. 15.9x124.7 (60x).
Altitude (m) Temp. (°C) Precipitation (mm weq)
Modern Val. Modern Val. Modern Val.
1 DMS-95-2 Bull Pass -77.465 161.767 575 ± 50m -8 100 Presumed Middle Miocene Strat correlation 0 0
2 DMS-95-35 Bull Pass -77.449 161.711 575 ± 50m -8 100 Presumed Middle Miocene Strat correlation 1.1 1.5
3 DMS-95-9 Bull Pass -77.471 161.774 575 ± 50m -8 100 Presumed Middle Miocene Strat correlation 0 0
4 DMS-02-19 Olympus Range (Boreas site) -77.475 161.163 1400 ± 50m -20 200 14.07 ± 0.05 Ma Strat correlation with dated ash in nearby lacustrine sediments 0.9 1.6
5 ALS-02-203-A Olympus Range (East) -77.448 161.527 1375 ± 50m -20 200 14.07 ± 0.05 Ma Strat correlation with dated ash in nearby lacustrine sediments 0.9 0
6 ALS-02-203-B Olympus Range (East) -77.448 161.527 1375 ± 50m -20 200 14.07 ± 0.05 Ma Strat correlation with dated ash in nearby lacustrine sediments 0.3 0
7 ALS-02-206 Olympus Range (East) -77.452 161.538 1375 ± 50m -20 200 14.07 ± 0.05 Ma Strat correlation with dated ash in nearby lacustrine sediments 0 0.4
8 ALS-02-59 Olympus Range (East) -77.454 161.506 1375 ± 50m -20 200 14.07 ± 0.05 Ma Strat correlation with dated ash in nearby lacustrine sediments 2.2 0
9 ALS-02-72 Olympus Range (East) -77.45 161.524 1375 ± 50m -20 200 14.07 ± 0.05 Ma Strat correlation with dated ash in nearby lacustrine sediments 0.2 0
10 DMS-00-5-A Olympus Range (West) -77.509 160.886 1350 ± 50m -15 100 > 10 Ma Strat correlation 0.4 0
11 DMS-00-6-C Olympus Range (West) -77.513 160.962 1350 ± 50m -15 100 > 10 Ma Strat correlation 2.1 0
12 DMS-00-8-F Olympus Range (West) -77.522 161.028 1350 ± 50m -6 50 > 10 Ma Strat correlation 12.9 0
13 DMS-95-31 Insell Range/ McKelvey Valley -77.421 161.555 575 ± 50m -9 100 Presumed Middle Miocene Strat correlation 4.2 0.4
14 DMS-95-43-B Insell Range/ McKelvey Valley -77.424 161.579 575 ± 50m -9 100 Presumed Middle Miocene Strat correlation 0.6 0.3
Basis TCC 
(GDW^-1)
MCC 
(GDW^-1)
Code # Sample ID Sample Region  Latitude Longitude Inferred age
graded) plus some Zygnema-type algal cysts. The latter two are consistent with lacustrine depo-sitional environment, although Botryococcus also grows in marginal brackish conditions. Sample DME-97-31B is characterized by abundant Nothofagidites lachlaniae, plus some other Nothofa-
gidites spp. and angiosperm pollen, along with common moss (Coptospora) and other bryophyte (moss, hornwort, or liverwort) spores, and a few lycophyte spores (Retitriletes). It is a presumed 
penecontemporaneous flora reflecting low diversity tundra vegetation including bryophytes and 
Nothofagus. This sample also contains abundant algal material mostly Leiosphaeridia spp. (large and small types), with some larger thicker Schizophacus-type Zygnemataceae algae and common 
Botryococcus (some partially degraded). There are also rare fragments of light-colored, very cor-roded dinocysts, that are most likely reworked (see Plate 18). Sample DME-97-32 The sparse palynomorph assemblage is made of nicely preserved Leiosphaeridia spp. with a few bryophyte and lycophyte spores as shown in plate 19. Sample DME-97-33 contained a few light-colored bryophyte and lycophyte spores and angiosperm pollen, including one Poaceae were recovered. However, there was no Nothofagidites, but there was rare reworked Cretaceous dinocyst frag-ments (see Plate 20). Sample DME-97-35 contained rare specimens of moss spores (Coptospora), lycophyte spores, small angiosperm pollen and a slightly textured leiospherid alga which can be seen in Plate 21. This large dominance of prostrate woody southern beech angiosperm pollen has been de-termined southern beech with a higher tolerance for a cooler range of temperatures as described in the study of Warny et al. (2009;2016). The high recovery of Nothofagidites sp. (fusca) indicates that this location might have served as an isolated region where tundra vegetation could survive. This vegetation may have been able to take advantage of pockets of freshwater indicated 
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Figure 9: Sample spatial plot map of Olympus Range samples utilizing WorldView-1, World-View-2. QuickBird-2, and GeoEye-1 high resolution imagery. All samples’ terrestrial sourced palynomorph concentration is plotted by circles with varying diameters based on concen-tration values (Polar Geospatial Center and DigitalGlobe, Inc., 2017).
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Figure 10: Sample spatial plot map of Victoria Valley samples utilizing WorldView-1, World-View-2. QuickBird-2, and GeoEye-1 high resolution imagery. All samples’ terrestrial sourced palynomorph concentration is plotted by circles with varying diameters based on concen-tration values (Polar Geospatial Center and DigitalGlobe, Inc., 2017).
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Table 5: Victoria Valley table containing code number for identification, Sample ID, Sample Region, Sample GIS Latitude/Longitude, modern values for altitude, temperature, and pre-cipitation, the inferred age of each sample, the basis for the age inference,and the Terrestri-al Palynomorph Concentration (TCC) and Marine and Freshwater Palynomorph Concentra-tion (MCC).
Figure 11: Photograph of Nothofagus gunnii alpine shrubbery during autumn in modern day Tasmania which is similar to what existed in Victoria Valley (Greg Jordan, 2011).
Altitude (m) Temp. (°C) Precipitation (mm weq)
Modern Val. Modern Val. Modern Val.
1 DME-97-30 Victoria Valley -77.404 161.66 575 ± 50m -5 200 Presumed Middle Miocene Ash yet to be dated 1292 735.6
2 DME-97-31B Victoria Valley -77.405 161.659 575 ± 50m -5 200 Presumed Middle Miocene Ash yet to be dated 5017.6 2247.5
3 DME-97-32 Victoria Valley -77.404 161.656 575 ± 50m -5 200 Presumed Middle Miocene Ash yet to be dated 0 0
4 DME-97-33 Victoria Valley -77.405 161.662 575 ± 50m -5 200 Presumed Middle Miocene Ash yet to be dated 31.4 1.4
5 DME-97-35 Victoria Valley -77.403 161.658 575 ± 50m -5 200 Presumed Middle Miocene Ash yet to be dated 27.4 2
6 DMS-97-28-A Victoria Valley -77.403 161.66 575 ± 50m -5 200 Presumed Middle Miocene Ash yet to be dated 5159.1 2386.1
7 DMS-97-28-B Victoria Valley -77.403 161.66 575 ± 50m -5 200 Presumed Middle Miocene Ash yet to be dated 29 3
8 DMS-97-28-C Victoria Valley -77.404 161.663 575 ± 50m -5 200 Presumed Middle Miocene Ash yet to be dated 4796.1 131.9
9 DMS-97-28-D Victoria Valley -77.404 161.663 575 ± 50m -5 200 Presumed Middle Miocene Ash yet to be dated 4087.4 513.1
10 DMS-97-28-I Victoria Valley -77.404 161.663 575 ± 50m -5 200 Presumed Middle Miocene Ash yet to be dated 0.6 0
11 DMS-97-32 Victoria Valley -77.404 161.655 575 ± 50m -5 200 Presumed Middle Miocene Ash yet to be dated 252.1 1575.3
12 DMS-97-34-A Victoria Valley -77.403 161.67 575 ± 50m -5 200 Presumed Middle Miocene Ash yet to be dated 4.2 0
Code # Sample ID Sample Region  Latitude Longitude Inferred age Basis TCC (GDW^-1)
MCC 
(GDW^-1)
by the presence of Zygnemataceae and Schizophacus algae. Figure 11 represents southern beech vegetation found in modern day Tasmania that would provide a similar vegetation to what this 
study expects to find.
3.5 Beacon Valley Beacon Valley and the surrounding area including Arena Valley had 14 samples collected from those regions as shown in Figure 12, Table 6. Ages from these samples range from around 4 Ma to Mid-Miocene. And the altitude of these samples range from 1300 to 1750 ± 50 m (March-ant, pers. comm.). The samples from this region are predominately barren with the exception of sample DMI-97-14-2 Debris, and EME-98-13. This suggests that the locations of DMI-14-2 Debris within the Central Beacon Valley and EME-98-13 at Mullins Glacier may have been isolated loca-tions with sparse vegetation survived. 
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Plate 16. Light photomicrographs of key in situ algae and spore species from sample DME-
97-30, Victoria Valley, Antarctica. All specimens are shown at the same magnification.1. Large colony of Botryococcus sp., view #2, 5.0 x 124.9, 60x. 2. Botryococcus sp., view #1, 2.9 x 128.0, 60x. 3. Botryococcus sp., DV3020, 100x. 4. Belgisporis sp., DV2005, 100x. 5-8. Various specimens of Coptospora spp. showing variation in ornamentation, from fine to large. 5. DV2006,100x. 6. DV3021,100x. 7. DV2003,100x. 8. View #2, 2.9 x 118.5, 60x. 9-11. Various specimens of spores of Zygnemaceae. 9. View #2, 2.9 x 121.9, 60x. 10. View #1, 5.6 x 126.9, 60x. 11. DV2004, 100x.
33
Plate 17. Light photomicrographs of key in situ pollen species from sample DME-97-30, Victoria Valley, Antarctica.   1-9. Various specimens of Nothofagidites lachlaniae, including 
numerous clumps of adherent pollen (7-9) confirming that these specimens are definitely penecontemporaneous. 1. DV3019, 100x. 2. View #1, 3.4 x 127.8. 3. View #1, 5.6 x 131.5, 60x. 4. DV3025, 100x. 5. DV3018, 100x. 6. DV3024, 100x. 7. View #3, 3.4 x 129.2, 60x. 8. DV2007, 100x. 9. View #2, 7.4 x 128.2, 60x. 10. Likely contaminant conifer pollen, DV2001, 100x. 11. Podocarpidites sp., DV2002.
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Plate 18. Light photomicrographs of key in situ pollen, spores, and dinoflagellate cyst spe-cies from sample DME-97-31-B, Victoria Valley, Antarctica. 1-2. Trilete bryophyte spore with indistinct incomplete reticulate ornamentation, DV2009 and DV2010 100x.  3. Coptospora sp., view #1, 4.1 x 125.6, 60x. 4. Triporoletes sp., DV3023, x100. 5. Botryococcus sp., DV2008, 100x. 6. Schizophacus parvus, view #2, 4.9x 142.5, 60x. 7. Schizophacus parvus, DV2011, 100x. 8. Dinoflagellate, possibly related to Palaeocystodin-
ium benjaminii (range of 68.5 - 61.5 Ma), view #2, 4.1 x 140.5, 60x. 9. Nothofagidites lach-
laniae, view #4, 8.6 x 143.4, 60x. 10. Nothofagidites lachlaniae, view #2, 5.7 x 144, 60x. 11. 
Nothofagidites lachlaniae, DV3022, 100x.
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Plate 19. Light photomicrographs of various leiospheres from sample DME-97-32, Victoria Valley, Antarctica.1-6. Various specimens of Leiosphaeridia spp. 1. View #1, 5.0 x 114.8, 60x. 2. View #2, 6.4 x 109.5, 60x. 3. View #2, 7.3 x 146.2, 60x. 4. View #4, 7.9 x 125.7, 60x. 5. View #2, 8.5 x 125.4, 60x. 6. View #3, 8.5 x 131.5, 60x.
3.5.1 Beacon Valley – Arena Valley Arena Valley nearby the Beacon Valley provided the location for 2 samples. The samples from this region were barren with concentrations ranging from 0 to 0.8 gdw-1 for terrestrial pal-ynomorphs.
3.5.2 Beacon Valley – Beacon Saddle Beacon Saddle nearby the Beacon Valley was the location where 2 samples were collect-ed. The samples from this region are barren with concentrations ranging 0.2 to 0.6 gdw-1 for ter-restrial palynomorphs. Sample DMS-10-08A contained what appears to be a Chenopodipollis sp. 
grain. Sample DMS-10-08B contains two fungal spores and one unidentified angiosperm pollen grain.
3.5.3 Beacon Valley – Mullins/Taylor/Granite/NEST Mullins Glacier, Taylor Glacier, Granite drift, Mullins Glacier nest site, and Mullins Gla-cier till had 8 samples collected from these locations. The samples collected from these regions ranged from 0.2 to 131.8 gdw-1 for terrestrial sourced palynomorphs and 7.3 to 15.3 gdw-1 nonter-restrial sourced palynomorphs. Most of the samples contain opaque reworked thermally mata-morphosed specimens. Sample EME-98-13 has the highest concentration of terrestrial palynor-mophs of 131.8 gdw-1. This sample contains few unidentified tricolpate pollen grains. Sample DME-06-009 also contained some tricolporate pollen grains and one Leiosphaeridia sp.
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Plate 20. Light photomicrographs of key in situ pollen, spores and dinoflagellate cyst spe-cies from sample DME-97-33, Victoria Valley, Antarctica. 1. Triporoletes sp., view #2, 8.5 x 144.5, 60x. 2. Poaceae, DV2014, 100x. 3. Tricolporate pollen, DV2013, 100x. 4. Reworked gymnosperm pollen grain, view #2, 8.5 x 130.7, 60x. 5. Reworked gymnosperm pollen grain, view #2, 6.5 x 147.7, 60x. 6. Reworked gymnosperm pollen grain, view #2, 11.0 x 144.8, 60x. 7. Reworked Spiniferites sp., DV2012, 100x. 8. Reworked corroded Cretaceous 
dinoflagellate Cribroperidinium sp., DV2015, 25x.
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Plate 21. Light photomicrographs of key in situ pollen species from sample DME-97-35, Vic-toria Valley, Antarctica. 1-2. Tricolpate pollen, DV2017 and DV2018, 100x. 3. Tricolporate pollen sp. A, DV2019, 100x.
Table 6: Beacon Valley table containing code number for identification, Sample ID, Sample Region, Sample GIS Latitude/Longitude, modern values for altitude, temperature, and pre-cipitation, the inferred age of each sample, the basis for the age inference, and the Terrestri-al Palynomorph Concentration (TCC) and Marine and Freshwater Palynomorph Concentra-tion (MCC).
Altitude (m) Temp. (°C) Precipitation (mm weq)
Modern Val. Modern Val. Modern Val.
1 DMS-02-7 Arena Valley -77.857 160.964 1300 ± 50m -11 75 11.27±0.12 Ma Argon 40/39 date on interbedded ash 0 0
2 DMS-91-750-C Arena Valley -77.828 160.986 1300 ± 50m -11 75 11.28±0.05 Ma Argon 40/39 date on interbedded ash 0.8 0
3 DMS-10-8-A Beacon Saddle -77.823 160.854 1750 ± 50m -20 75 Middle Miocene Strat correlation 0.2 0
4 DMS-10-8-B Beacon Saddle -78.823 161.854 1750 ± 50m -20 75 Middle Miocene Strat correlation 0.6 0
5 DME-06-9 Beacon Valley - Mullins Glacier -77.857 160.569 1350 ± 50m -12 75 >7.69±0.01 Ma Argon 40/39 date on interbedded ash 39.7 7.3
6 DME-97-7 Beacon Valley - Taylor  Glacier -77.852 160.601 1350 ± 50m -12 75 >8.07±0.06 Ma Argon 40/39 date on interbedded ash 69.7 0
7 DMS-99-2-A Beacon Valley, Granite drift -77.845 160.608 1350 ± 50m -12 75 8.07±0.06 Ma Argon 40/39 date on interbedded ash 0 0
8 DMS-97-7 Beacon Valley, Granite driftr -77.852 160.601 1350 ± 50m -12 75 >8.07±0.06 Ma Argon 40/39 date on interbedded ash 0.2 0.5
9 EME-98-13 Beacon Valley, Mullins Glacier -77.865 160.538 1350 ± 50m -12 75 7.69±0.01 Ma Argon 40/39 date on interbedded ash 131.8 0
10 NEST SITE ICE Beacon Valley, Mullins Glacier nest site -77.874 160.544 1350 ± 50m -12 75 > 4 Ma Average of multiple Argon 40/39 dates on overlying ash 17.7 15.3
11 DMS-98-13-A Beacon Valley, Mullins till -77.877 160.556 1350 ± 50m -12 75 8.07±0.06 Ma Argon 40/39 date on interbedded ash 0 0
12 DMS-06-2 Beacon Valley, nest site -77.874 160.544 1400 ± 50m -12 75 > 4 Ma Average of multiple Argon 40/39 dates on overlying ash 8.3 0.3
13 DMI-97-14-2-DEBRIS Central Beacon Valley -77.851 160.595 1350 ± 50m -12 75 >8.07±0.06 Ma Argon 40/39 date on interbedded ash 675.3 0
14 DMI-97-14-2-MELTWATER Central Beacon Valley -77.851 160.595 1350 ± 50m -12 75 >8.07±0.06 Ma Argon 40/39 date on interbedded ash 0.4 0.3
Code # Sample ID Sample Region  Latitude Longitude Inferred age Basis TCC (GDW^-1)
MCC 
(GDW^-1)
3.5.4 Beacon Valley – Central Beacon Valley The Central Beacon Valley had 2 samples collected from this location. The sample con-centration ranges from 0.4 to 675.3 gdw-1 for terrestrial palynomorphs and 0 to 0.3 gdw-1 for non-terrestrial palynormorph concentration. Sample DMI-97-14-2 Meltwater mainly contains black organic matter, with some very light plant tissue and orange-brown partially degraded organic matter. It contains overwhelming numbers of added Lycopodium. It only contains two specimens of Nothofagidites lachlaniae, one Coptospora sp. and two Leiosphaeridia sp. which could possibly possibly penecontemporaneous with the sediment. A laboratory contaminant, Alnus specimen, was found plus one large, thick-walled algal body.Sample DMI-97-14-2 Debris contains Coptspo-
ra sp. moss spores and low diversity of angiosperms such as Poaceae, Asteraceae, and Chenopo-
dipollis (see Plate 22 and 23). This low assemblage of bryophyte spores and angiosperm pollen grains may indicate that this location may have allowed for slightly more substantial vegetation to survive while the rest of the surrounding region was too inhospitable. Examples of the ground covering vegetation that 
would be similar to what we would see in region can be seen in figures 14 – 16. This is important because the sample from this region are thought to be some of the youngest samples in the study with an age of 8.07±0.06 Ma, which makes this site even younger than the Lewis et al. (2009) study site.
3.6 Taylor Valley 
The Rhone Platform in Taylor Valley was the site for 9 samples as shown in figure 16, Ta-
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Figure 12: Sample spatial plot map of Beacon Valley samples utilizing WorldView-1, World-View-2. QuickBird-2, and GeoEye-1 high resolution imagery. All samples’ terrestrial sourced palynomorph concentration is plotted by circles with varying diameters based on concen-tration values (Polar Geospatial Center and DigitalGlobe, Inc., 2017). 
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Plate 22. Light photomicrographs of key in situ pollen and spores species from sample DMI-97-14-2 (debris), Beacon Valley, Antarctica. 1. Chenopodipollis sp., view #4, 11.1 x 120.8, 60x. 2. Coptospora sp., view #3, 9.4 x 139.6, 60x. 3. Coptospora sp., view #3, 8.1 x 139.6, 60x. 4. Asteraceae, view #4, 9.4 x 132.7, 60x. 5. Poaceae, view #2, 4.8 x 136.3, 60x. 6. Nothofagid-
ites sp., view #4, 8.9 x 122.9, 60x. 7. Retitriletes sp., view #4, 15.4 x 138.8, 60x. 8. Triporo-
letes sp., view #3, 14.7 x 147.5, 60x. 9. Tricolporate sp. A, view #3, 14.7 x 13.0, 60x.
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Plate 23. Light photomicrographs of key reworked spore species from sample DMI-97-14-2 (debris), Beacon Valley, Antarctica.  1. Aequitriradites cf spinulosus, view #2, 10.0 x 142.6, 60x. 2. Baculatisporites sp., view #2, 4.8 x 133.0, 60x. 3. TBA, view #3, 9.4 x 128.7, 60x. 4. 
Classopollis ?classoides, view #1, 7.4 x 129.9, 60x. 5.  Baculatisporites sp., view #2, 6.8 x 124.7, 60x. 6. Baculatisporites sp., view #3, 6.8 x 140.8, 60x. 7. Osmundacidites - Baculatispo-
rites complex, view #3, 15.9 x 123.8, 60x. 8. Murospora florida, view #4, 12.4 x 128.8, 60x. 9. 
Stereisporites antiquasporites, view #3, 5.2 x 131.9,, 60x.ble 7, and Plate 24 and 25. Samples from this region range in ages from 10.09±0.16 to 10.76±0.17 Ma and spanned altitude ranges from 1000 to 1200 ± 50 m (Marchant, pers. comm.). Terrestrial palynomorph concentration ranges from 0 to 776.7 gdw-1 and 0 to 4.4 gdw-1 for nonterrestrial palynomorph concentration for this region. The samples from this region were mostly barren ex-
cept DME-88-28. It contains a sparse possibly penecontemporaneous flora of mainly moss spores 
Coptospora sp. with other bryophyte and lycophyte spores and various small angiosperm pollen 
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including Poaceae. Common reworked dark brown to black corroded spore and pollen remnants, 
mostly unidentifiable are noted throughout the slides. These include mainly specimens derived from the Beacon, with some younger and lighter colored Mesozoic reworked specimens. The sample also contains reworked Cretaceous dinocysts, that possibly include taxa such as Circu-
lodinium distinctum (range from 90.14 - 68.5 Ma), Diconodinium sp. (range from 122.10 - 70.0 Ma), Isabelidinium cooksoniae (range from 82 - 67.7 Ma), Subtilisphaera symperlucida (range from 133 - 92 Ma), Apteodinium sp. (range of genus from 143 - 68.80 Ma), or Cribroperidinium sp. laboratory contaminants were found as well including large pink-stained spore, Tilia, Alnus, and Betula.
Figure 13: Photograph of Antarctic Pearlwort at St. Andrews Bay, South Georgia. This 
ground covering wild flower vegetation is similar to the type of angiosperm pollen ob-served in Beacon Valley (Wikimedia commons, 2011).
Figure 14: Photograph of Antarctic hair grass at Peterman Island. This ground covering grass vegetation is similar to the type of angiosperm pollen observed in Beacon Valley (Wi-kimedia commons, 2011).
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Figure 15: Photograph of Schistidium antarctici mosses near Casey Station. The moss shown here is similar to the type of bryophyte spore observed in the Beacon Valley (Sharon Robinson, 2012).
Table 7: Taylor Valley table containing code number for identification, Sample ID, Sample Region, Sample GIS Latitude/Longitude, modern values for altitude, temperature, and pre-cipitation, the inferred age of each sample, the basis for the age inference, and the Terrestri-al Palynomorph Concentration (TCC) and Marine and Freshwater Palynomorph Concentra-tion (MCC).
Altitude (m) Temp. (°C) Precipitation (mm weq)
Modern Val. Modern Val. Modern Val.
1 BNS-97-15-C Taylor Valley - Rhone -77.702 162.082 1200 ± 50m -4 50  >10.76±0.17 Strat correlation 0.4 0
2 BNS-97-37-C Taylor Valley - Rhone -77.704 162.072 1200 ± 50m -4 50  >10.76±0.17 Strat correlation 1.1 0
3 BNS-97-41-B Taylor Valley - Rhone -77.71 162.066 1000 ± 50m -4 50  10.76±0.17 Strat correlation 0 0
4 DMS-88-22-B Taylor Valley - Rhone -77.711 162.091 1000 ± 50m -4 50  10.76±0.16 Strat correlation 0.7 0
5 DMS-88-23-C Taylor Valley - Rhone -77.711 162.082 1000 ± 50m -4 50  10.76±0.16 Argon 40/39 date on interbedded ash 0.7 0
6 DMS-88-41 Taylor Valley - Rhone -77.711 161.934 1000 ± 50m -4 50  10.76±0.16 Strat correlation 1.4 0
7 DMS-88-49 Taylor Valley - Rhone -77.712 161.665 1000 ± 50m -4 50  10.76±0.16 Strat correlation 0.9 0
8 DMS-97-1-D Taylor Valley - Rhone -77.71 162.054 1000 ± 50m -4 50 10.09±0.16 Argon 40/39 date on interbedded ash 0.5 0
9 DME-88-28 Rhone Platform -77.709 162.088 1000 ± 50m -4 50  10.76±0.16 Strat correlation 76.7 4.4
Inferred age BasisCode # Sample ID Sample Region  Latitude Longitude TCC (GDW^-1)
MCC 
(GDW^-1)
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Figure 16: Sample spatial plot map of Taylor Valley samples utilizing WorldView-1, World-View-2. QuickBird-2, and GeoEye-1 high resolution imagery. All samples’ terrestrial sourced palynomorph concentration is plotted by circles with varying diameters based on concen-tration values (Polar Geospatial Center and DigitalGlobe, Inc., 2017).
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Plate 24. Light photomicrographs of key in situ pollen and spores species from sample DME-88-28, Taylor Valley, Antarctica.  1. Burnt organic matter, view #2, 9.6 x 125.2, 60x. 2.  Thermally altered apiculate spore, reworked, view #1, 14.0 x 126.1, 60x. 3. Oxidized, reworked gymnosperm pollen, , view #2, 7.1 x 142.4, 60x. 4. Coptospora sp., view #2, 6.3 x 108.6, 60x. 5. Triporoletes sp., view #3, 7.4 x 135.3, 60x. 6. Coptospora  sp. DV3014, 100x. 7. 
Triporoletes sp., view #4, 10.9 x 142.0, 60x. 8-9. Tricolporate sp. A, views #1 and 4., 10.4 x 126.5, 60x. 10. Tricolporate sp. A, DV3015, 100x. 11. Tricolporate sp. A., DV3017, 100x. 12. Poaceae, view #5, 28.9 x 125.2, 60x. 13. Reworked Triporate pollen, view #1, 12.0 x 134.0, 60x. 14. Tilia sp., view #4, 10.9 x 137.7, 60x,  laboratory contaminant. 15. Alnus sp., view #3, 12.0 x 145.5, 60x, laboratory contaminant. 16. Betula sp., DV3016, 100x, laboratory con-taminant.
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Plate 25. Light photomicrographs of key in situ marine palynomorph species from sample 
DME-88-28, Taylor Valley, Antarctica.  1. Unidentified dinoflatellate cyst, DV1023. 2. Possi-
bly Circulodinium distinctum (range from 90.14 - 68.5 Ma), DV1022. 3. Unidentified dino-
flatellate cyst, view #5, 15.5 x 130.6, 60x. 4. Possibly Diconodinium sp. (range from 122.10 - 70.0 Ma), view #3, 15.0 x 135.8, 60x. 5. Possibly Isabelidinium cooksoniae (range from 82 - 67.7 Ma), or Chatangiella victoriensis?, DV1019. 6. Possibly Isabelidinium cooksoniae (range from 82 - 67.7 Ma), view #1, 11.5 x 130.8, 60x. 7. Possibly Subtilisphaera symperlucida (range from 133 - 92 Ma), DV1020. 8. Palaeocystodinium ?australiense, view #1, 7.4 x 133.7, 60x. 9. Possibly Apteodinium sp. (range of genus from 143 - 68.80 Ma) or Cribroperidinium 
sp., DV2021. 10. Unidentified dinoflatellate cyst, view #1, 10.4 x 146.3, 60x. 11. Unidentified 
dinoflatellate cyst, view #3, 12.7 x 126.6, 60x.
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CHAPTER 4: CONCLUSION The results provided by this thesis aid in uncovering the vegetation and paleoclimate history of Antarctic history during the Miocene through the Pliocene by providing insight into where, what type of, and when vegetation existed in the Cenozoic around the Miocene to Plio-cene. Observed palynological sample concentrations within the McMurdo Dry Valleys were pre-dominantly barren or low values. Areas with large concentrations of palynomorphs are potential locations for where vegetation may have taken refuge. Samples DMI-97-14-2 Debris from Beacon Valley and samples DME-97-30, DME-97-31B, DME-97-32, DME-97-33, DME-97-35, DMS-97-28A, DMS-97-28C, DMS-97-28D, and DMS-97-32 from Victoria Valley have much higher concen-trations than all the other samples and the locations from where these samples were collected may be locations for refugia. The type of vegetation that existed in these isolated pockets of re-fugia in Beacon Valley and Victoria Valley can be answered by looking at the palynological as-semblage from each sample. DMI-97-14-2 Debris contains Coptospora sp. similar to the Victoria Valley samples, however DMI-97-14-2 Debris had a different angiosperm assemblage composed of Poaceae, Asteraceae, and Chenopodipollis sp. and lacked a marine or freshwater palynomorph assemblage. This assemblage indicates an environment predominantly experiencing low ground 
coverage including grasses and wild flowers with mosses. Victoria Valley samples have low di-versity of terrestrial palynomorphs including bryophyte Coptospora sp. spores and angiosperm pollen grains including Nothofagidites sp. (fusca group) and Poaceae. This palynomorph assem-blage consists of a low diversity tundra vegetation. The nonterrestrial palynomorph diversity of the Victoria Valley region was dominated by Leiosphaeridia sp. and Zygnemaceae sp. algal paly-nomorphs. Leiospaeridia sp. have been interpreted as sea ice indicators while Zygnemaceae have been interpreted as fresh water indicators. These results indicate that these samples were de-posited when climate was cold and glaciated, as indicated by the presence of Leiosphaeridia sp., with vegetation limited to a tundra as indicated by the strong presence of in situ Nothofagidities sp. (fusca group) pollen. Meltwater pockets of freshwater existed in which in situ Zygnemaceae algae could grow. Radiometric dating and correlation between volcanic ash beds provide the ba-sis for age control for this study and answer when vegetation existed in these refugia.  From the previously mentioned dating methods, the potential refugia located in the Central Beacon Valley existed around 8.07 ± 0.06 Ma and around Mid-Miocene for Victoria Valley.
The results from this study may have been influenced by at least three factors. The 
first factor is that the locations within Beacon Valley and Victoria Valley may indeed have been refugia and provided hospitable environments for vegetation to survive while other locations investigated by this study could not support vegetation. The second factor is that Beacon Valley and Victoria Valley are the only locations where the recent geologic record has been preserved. Other locations might have been refugia as well, and sediments containing palynomorph rich sediment was eroded away. The third factor is that Beacon Valley and Vic-toria Valley results are artifacts of transportation processes depositing palynomorph rich sediment into these regions. However, three observations tend to refute this possibility. If the third factor were true, we would expect to see higher reworked assemblages within the samples, more varied assemblages and potential mixing between Beacon Valley and Victoria Valley sample assemblages, and the large clusters of Nothofagus pollen would be absent from the samples or broken up.  This study provides guidance for where future expeditions and studies should focus on when researching the McMurdo Dry Valleys. Beacon Valley and Victoria Valley appear promising in regards to being ideal locations additional studies. In order to further under-stand the timing of vegetation decimation within the McMurdo Dry Valleys more in depth investigations of these two regions is necessary.
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